I would gladly pay you Tuesday for a Hamburger today
We often choose alternatives that are tempting in the short-term over alternatives that are more optimal in the long run. This selfdefeating behavior is even more perplexing, as we are almost always aware of the fact that our choice is not in our own best selfinterest. Traditionally, it has been assumed in the behavioral sciences, especially in economics, that decisions are perfectly rational, in other words that we choose the alternative that has the most value for us [2] . This assumption is clearly wrong. We are persistently tempted by immediate gratification. The resulting behavioral problems are ubiquitous and range from the mildly dysfunctional, such as procrastination, to the clinically relevant such as overeating and addiction. We do not seem to choose what we value most. How is this possible?
A new paper by Kalenscher et al. [3] , in this issue of Current Biology, reports a first, pioneering step towards an understanding of this phenomenon. The authors decided to study impulsivity and self-control in the pigeon, an animal model with a long history of study in delayed-reward choice tasks [4] . These experiments on pigeons have an identical structure to experiments that have been done with human subjects [5] . So for comparison, the pigeon experiment will be translated into the conditions faced by a human in a similar experiment. In a typical experiment a hungry pigeon is placed into a box, where it is faced with two different keys in one side of the box. It has learned that pecking of a key will lead to the opening of a shutter in the wall of the box, which allows access to food. Pecking one of the keys results in access to food after only a brief waiting time, but the shutter also closes faster, so that the total amount of food that the pigeon can get is small. Pecking the other key results in longer food access, but the bird has to wait longer. (In the case of humans this would be equivalent to a choice between, for example, $1 today or $10 at some later point.)
To find out how pigeons handle the trade off between reward amount and delay, the experimenter varies the longer delay period. First, let's start with equal waiting times for both rewards. (We would ask our human subject "Would you prefer $1 or $10 today?") Naturally, the pigeon will exclusively choose the key leading to more food. Next, we slowly lengthen the waiting time of the large food amount option. ("Would you prefer $1 today or $10 tomorrow, in a week, in a month, in a year....") The option where the gratification is delayed becomes less and less attractive, until the pigeon switches its preference and chooses the smaller, sooner option instead of the larger, later option. The length of the waiting time that the pigeon or the human is willing to accept is related to its impulsiveness. Typically, a hungry pigeon is not willing to wait longer than a few seconds; humans are less impulsive and are willing to wait from days to decades, depending on the reward. Nevertheless, the principal [3] found that, for a given amount of reward, these cells also decreased their activity the later the reward was delivered. Thus, the neurons integrate information about the size of the expected reward and how far in the future it will become available. This is a new finding in this study [3] . Strikingly, these cells behave in the same way as the hyperbolic value functions that can be derived from behavior. The best way to interpret these new findings is that this newly described group of cells in the pigeon brain carries information about the subjective expected value of a recently executed goaldirected action.
Finding cells with this property is exciting, because it takes a theoretical concept from economics and makes it a variable that can be measured directly. This should allow us to reverse the traditional logic. Instead of inferring value from the behavioral choices, we could use the neuronal value signal to predict choices. This links the current study with the emerging field of neuroeconomics. The mathematical assumptions that form the basis of current rational choice theory do not adequately describe how humans make decisions. Neuroeconomics promises a new perspective on this and other problems in decision theory by opening the 'black box' [9,10]. Understanding the neuronal mechanism underlying choice will allow economics to be built upon an empirical model of decisionmaking.
Like all stimulating scientific work the Kalenscher et al. [3] paper not only gives new insights, but it also opens up new questions. One of them is how the findings of this study in a bird relate to the situation in the primate. We started with the question how humans can behave irrationally. The fact that both pigeons and humans discount future reward in a hyperbolic fashion turns this original question around. Because of the nature of our reward discounting we would expect to always prefer immediate gratification to what is in our longterm interest. In this sense, the smoker did the most natural thing. What needs explanation is the existence of rational behavior. If not pigeons than at least humans are sometimes able to overcome their temptations and to exert self-control. It is this that needs an explanation. Pigeons, which are rather impulsive, might not be the best subjects to study these control mechanisms. Primates with their well-developed frontal cortex might offer a better chance to understand voluntary control of behavior, a cognitive ability that is of central importance in our life as human beings [15]. This will allow us to development better treatments for substance addiction, gambling, obesity, lack of exercise and a whole host of other important behavioral problems in our modern world.
